Abstract. For 3D digital measurement of large scale objects, image mosaic is the key technology to achieve whole measurement for a small measuring field of the sensor unit. A viscous-target-based three-dimensional image mosaic technology is proposed. The screw theory is introduced to realize the spatial image mosaic. The method permits an automatic identification of targets and a better matching for the feature coded technology. In experiments, the method was proved to be valid, with a relatively high precision on three-dimensional image mosaic. The relative error of the space length measurement is less than 0.6%.
Introduction
There are some limits in the 3D digital measurement of large-scale objects owing to the characters of measuring units or the measured objects, such as the limited viewing field of the camera or the concealing of one another for the surfaces of measured objects [1] . So the surface measurement cannot be achieved by one step. Therefore, in the measurement for large-scale objects, partitioning measurements should be done from different points of view on different fields, and then the 3D models can be constructed by the image mosaic method.
Nowadays, the technique of 3D data integration becomes a focus in the research of the 3D digital measurement. Z.Y. Zhang used two groups of data to fit a group of integrated data by the method of distribution statistics of the distance [2] . The algorithm is simple and has a relatively high computing-speed, but it brings much more integrated errors. J.W. Hsieh and H.Y. Liao determined the angle of rotation by the statistics method of angles difference in the localization of two images [3] . T. Masuda and N. Yokoya used ICP (Iterative Closest Point) method to achieve the coordinate localization of two groups of data [4, 5] . J. Felmar and N. Ayache found the relationship of two groups of data by the way of curvature correspondence [6] . A.E. Johnson and M. Hebert transformed the 3D model to the 2D spin-image based on the normal vector of curve surface and the relationship of coordinate position, and then computed the initial transition matrix of coordinate through corresponding points which are determined by the correlation of image. The accurate transition matrix was achieved by ICP method in the end [7] . G.M. Cortelazzo transformed data from 3D space to frequency space using the Fourier transform and estimated the transition matrix of coordinate with frequency analytical method. Finally he used the ICP method to achieve the accurate localization [8] .
In the above methods, there are no other auxiliary things but only the self-feature information of the surfaces. The algorithms are complex and bring much more integrated errors. So they can be only used in some fields where low integrated precision is needed.
In the aerial photography measurement, the land control mark is introduced. The sequent joint relative orientation and the model absolute orientation for the aerial photographic images are achieved based on the land control marks, which are localized accurately [9, 10] . The method is simple and has a relatively high precision, so it is broadly used in the land and the non-land measurements.
Through above analysis, the concept and applied principle of the land control mark in the aerial photography measurement can be introduced into the 3D digital measurement to solve the images mosaic from different views. In this article, the mark is used by viscous target.
Principle of the 3D Spatial Image Mosaic Based on Viscous Targets
In the free-form surface measurement for large-scale objects, a visual sensor from different positions and different visual angles captures a pair of spatial images. The joint of the adjacent images is used to confirm the position relationship among the images. That is to integrate them from respective coordinate systems into the one. Figure 1 shows the schematic diagram that the visual sensor inspects object from several positions.
The sensor's coordinate system 0 W in the first position is defined as the referenced uniform coordinate system.
) is the transition matrix between the coordinate i W in position i and the coordinate
It is supposed that the coordinate of point P , which is on the measured object, is 0 X . When the position of the sensor changes from position 1 to position 2, the coordinate of point P is 1 X in the new coordinate system. Then
So the 3D data of the object gotten at position 2 in the coordinate system 1 W can be expressed in the coordinate system 0 W through the transition matrix 0 , 1 M . By the measurements in n positions and transformations by 1 − n coordinate transition matrixes, all the measurement results can be integrated in the uniform referenced coordinate system 0 W . Thus the spatial data modeling and the image mosaic are completed.
3D Spatial Image Mosaic Based on Vicious Targets
To integrate the image data captured by the sensors from different visual angles and positions, there are two key problems in the 3D spatial image mosaic. One is how to match the feature points of object, which are captured from different visual angles and positions; the other is how to solve the coordinate transition matrixes
The match of feature points can be achieved by encoding the viscous targets that are coded by different ways. Reference [1] shows much information on the design, coding and identification of the viscous targets.
There are 12 pose parameters in the coordinate transition matrix Fig. 2 .
When the displacement is not considered, the equation is
According to the rotation transformation equation in the screw theory, there is a relational matrix U that is comprised by the rotation axis ) , , ( 
The relationship between U and u is According to Cayley theorem, the relation between U and R is
It is mentioned that U is a singular matrix. So Eq. (4) cannot be solved directly. According to mathematical analysis, Eq. (4) can be adapted as the following equation when there is another space vector The parameters of the above are
The parameters x u , y u and z u can be solved by Eq. (7) and then the rotation matrix R can be solved by using Eq. (5). Solution of Translational Vector T. In fact, the i T in Eq. (2) 
The coordinate transition matrix i M can be computed with the rotation matrix R and translational vector T , and the space image data from different sensor positions and visual angles can be changed and integrated into the referenced coordinate system 0 W . Thus the 3D spatial image blocks mosaic is achieved.
Experiment of Image Mosaic
In the experiment, the 3D digital stereo-visual sensor is composed of two MS-368P cameras, two AVENIR CCTV lens and a liquid crystal projection raster module. A free-form surface is divided into four blocks and the sensor measures each block respectively. Finally the four block image data are integrated into the uniform coordinate system. Figure 3 shows the free-form surface, viscous targets and the liquid crystal coded pattern used in the experiment. The space image data gotten from four positions are integrated in the sensor coordinate system of position 2. T .
According to the coordinate system transition matrix, images mosaic of the four blocks of space image can be achieved. Figure 8 shows the result of the images mosaic. 
Precision Analysis
The coordinates of viscous targets in the coordinate systems of position 1, position 3 and position 4 are transformed into the coordinate system of position 2 by the above transition matrixes. So the space distance between the viscous targets that are not used in the computing of the coordinate system transition relationship in the position 4, and the viscous targets that are in other positions, can be gotten. We can compare it with the spatial distance, which is gotten by the electronic theodolites to evaluate the coordinate transition precision of spatial image mosaic. The mean relative error of the distance between viscous targets in the integrated image is 0.259% and the maximum relative error is 0.563%, according to our calculations.
Conclusions
In the proposed method, a screw theory is introduced to realize spatial image mosaic. The method can identify the targets automatically and make better matching for the feature coded technology. Through experiments, the method is proven to be valid and has a relatively high precision on three-dimensional image mosaic. The relative error of space length is less than 0.6%.
